1. Background {#sec104969}
=============

Urinary Tract Infections (UTIs) are one of the most common bacterial infections in humans, both in community and hospital settings ([@A24779R1]). It has been estimated that globally, symptomatic UTIs result in as many as seven million visits to outpatient clinics, one million visits to emergency departments, and 100,000 hospitalizations, annually ([@A24779R2]-[@A24779R6]).

In recent studies microbial species that cause UTIs are classified by their target sites, such as urine infection (bacteriuria), bladder infection (cystitis) and kidney infection (pyelonephritis), which can be either asymptomatic or associated with symptoms ([@A24779R7]). Prevalence of infection differs with age, sex and certain predisposing factors ([@A24779R8]). The distribution of these bacteria is different in different parts of the world and studying the microbial factors that cause this infection in different geographical regions, indicates their dispersion ([@A24779R8]).

Urinary Tract Infections involve the infection of kidneys, ureters, bladder, and/or urethra by pathogenic organisms invasion of the urinary tract, which ultimately leads to an inflammatory response of the urothelium. Prevalence of infections may differ with age, sex and certain predisposing factors. The incidence of infection is greater in females than in males with two exceptions, infections found in infants and catheter-related infections. Women tend to become infected by UTIs more often because their urethra is shorter and closer to the anus than men and hence, the pathogenic bacteria have easier access to the bladder ([@A24779R8]).

The etiological agents of community-acquired and hospital-acquired UTIs differ ([@A24779R9]-[@A24779R12]). Only a limited amount of data has been published regarding changes in the frequency of causative agents among outpatients ([@A24779R6]). Enteric bacteria (particularly *Escherichia coli*) have been and remain the most frequent cause of UTIs in anatomically normal, unobstructed urinary tracts. After *Escherichia coli (E. coli)*, the other more common UTI-pathogens include *Staphylococcus saprophyticus (S. saprophyticus)*, *Enterococcus*spp., *Pseudomonas aeruginosa*(*P. aeruginosa*), *Candida* spp., *Klebsiella* *pneumonia* (K. *pneumonia*), *Proteus* spp. and *Enterobacter* spp. ([@A24779R13]-[@A24779R19]). Bronsema et al. (1993) have reported that from 1980 to 1991, the percentage of UTIs caused by *E. coli*, *Proteus* species and *Pseudomonas* species had decreased, whereas the percentage of UTIs caused by yeasts, group B streptococci, and *K. pneumoniae* had increased ([@A24779R18]). Weber et al. (1997) have also reported changes in the causative agents of UTIs including, a decrease in the percentage of UTIs caused by *Enterobacter* species, but an increase in UTIs caused by *Acinetobacter* species and *P. aeruginosa*. Among the fungal agents, *Candida albicans (C. albicans)* is the most common cause of funguria, followed by *C. glabrata*, *C. tropicalis*, *C. parapsilosis*, *C. krusei*, and other yeasts ([@A24779R20]). Identification of bacterial isolates is an essential task of clinical microbiology laboratories. In clinical laboratories, the present means of identification of bacteria relies on phenotypic tests. Traditional phenotypic identification is difficult and time consuming ([@A24779R8]). In the late 1906 - 1910, genotypic identification emerged as an alternative or complement to the established phenotypic methods. Typically, genotypic identification of bacteria involves the use of conserved sequences within phylogenetically informative genetic targets, such as the small-subunit (16S) rRNA gene. Sequence analysis of the 16S ribosomal RNA (rRNA) gene has been widely used to identify bacterial species and diagnose microbial infections. However, these methods are yet to replace standard bacterial culture due to their prohibitive costs, complexity, and the need for highly-trained personnel ([@A24779R21]-[@A24779R23]).

The risk factors associated with UTIs include immunosuppression, trauma, foreign body, broad-spectrum antibiotic use, infused body fluids such as saline irrigations and also, urinary catheterization ([@A24779R18]).

2. Objectives {#sec104970}
=============

The purpose of this study was to determine the incidence and population of the causative microbial agents of UTIs in patients who had referred to a medical laboratory of Kashani and Hajar hospital in Shahrekord, Iran.

3. Patients and Methods {#sec104977}
=======================

3.1. Sample Size Determination and Inclusion Criteria {#sec104971}
-----------------------------------------------------

A sample size calculation was performed using the following [Equation](#EQ2934){ref-type="disp-formula"}:
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Where n = sample size, Z = Z statistic corresponding to a chosen level of confidence, P = expected prevalence, and d = precision ([@A24779R24]). In our calculation, we used Z = Z score for 95% confidence interval = 1.96, P = 0.11, and d = 0.05 ([@A24779R25]). The study included all affected children and adults who were not on current antibiotic therapy and were willing to participate.

3.2. Samples and Bacterial Identification {#sec104972}
-----------------------------------------

Between April and September 2013, a total of 147 urine samples of patients with clinical symptoms of UTI, that had been referred to the medical laboratory of Kashani and Hajar hospital in Shahrekord, Iran, were collected.

Clean catch 5 mL of Midstream Urine Samples (MSU) were collected using leak proof re-usable and sterilizable wide mouthed plastic containers and transported immediately to the laboratory. All of the specimens were analyzed within an hour of collection. Socio-demographic variables (age, sex and other relevant clinical data such as history of catheterization and history of UTI) were obtained using a pre-designed structured questionnaire.

Bacteria were identified using conventional microbiological methods. For bacteriological analysis, MacConkey agar (Merck, Germany) and Eosin Methylene Blue agar (EMB agar) (Merck, Germany) plates were used. Semi-quantitative urine culture using a calibrated loop was prepared and incubated under both aerobic and anaerobic conditions for 24 hours at 37°C. With a calibrated loop, 0.01 mL of urine sample was streaked aseptically in MacConkey agar and EMB agar. The plates were then incubated aerobically at 37°C for 24 hours. Bacterial identification was done by examination of the overnight culture and Gram staining. Samples with colony counts equal to or more than 10^5^ Cfu/mL were considered positive ([@A24779R7], [@A24779R26]). The identification of Gram-negative bacteria was performed by standard biochemical tests (catalase, oxidase, IMViC (indole, methyl red, Voges-Proskauer, and citrate) tests, H~2~S production, lysine decarboxylase, lactose fermentation, urea hydrolysis and gas production) ([@A24779R7]).

3.3. DNA Extraction {#sec104973}
-------------------

Bacterial strains were subcultured overnight in Luria-Bertani broth (Merck, Germany) and genomic DNA was extracted from typical colonies of *E. coli* using a DNA extraction kit (DNP™, CinnaGen, Iran), according to manufacturer's instructions.

3.4. Polymerase Chain Reaction for the Detection of Bacterial Causing Urinary Tract Infections {#sec104974}
----------------------------------------------------------------------------------------------

Polymerase Chain Reaction (PCR) was used for the amplification of 16srRNA genes. The details of the primers used in the study are given in [Table 1](#tbl26925){ref-type="table"}. In the present study, various PCR assays were used for the detection of bacteria causing UTIs. The PCR assay was carried out in a total volume of 50 μL of a mixture containing PCR buffer 10 ×, 1.5 mM of MgCl~2~, 250 μM of each of deoxynucleoside triphosphates, 0.5 μM of each of specific primers, 1.5 U of Taq polymerase (Sigma), and 5 μL of template DNA. The amplification conditions are shown in [Table 2](#tbl26926){ref-type="table"}. The amplified products were visualized using ethidium bromide staining and gel electrophoresis done on 1.5% agarose.

###### Primers Designed to Detect Bacteria Causing Urinary Tract Infections

  Bacteria                            Primer Oligonucleotide sequences (5'-3')                   Gene bank Accession number or reference   Amplicon size (bp)   Annealing Temperature (^o^C)
  ----------------------------------- ---------------------------------------------------------- ----------------------------------------- -------------------- ------------------------------
  ***Escherichia coli***              F: AGAGTTTGATCMTGGCTCAG R: CCGTCAATTCATTTGAGTTT            000913.3                                  919                  59
  ***Klebsiella penumoniea***         F: CAAGTCGAGCGGTAGCACAGAG R: ACCGTGTCTCAGTTCCAGTGTG        EU828348                                  274                  62
  ***Proteus*** **spp.**              F: ACTTGGGAATTGCATCTGAAACTG R: ACATCGTTTACAGCGTGGACTACC    KJ453110.1                                201                  59
  ***Enterobacter*** **spp.**         F: ATGTCTGGGAAACTGCCTGATG R: CGGGTAACGTCAATAGACAAGG        KF872714.1                                372                  60
  ***Citrobacter*** **spp.**          F: TAATACCGCATAACGTCGCAAG R: CTTCTTCTGCGAGTAACGTCAATG      KF012641.1                                331                  59
  ***Acinetobacter*** **spp.**        F: ATGCAAGTCGAGCGGAGATGAG R: TACCCCACCAACTAGCTAATCCG       JX966369.1                                202                  62
  ***Providencia*** **spp** ***.***   F: GTAGTCCACGCTGTAAACGATGTC R: TCTGGATGTCAAGAGTAGGTAAGGT   KF217251                                  202                  62
  ***Pseudomonasaeruginosa***         F: AATACCTTGCTGTTTTGACGTTAC R: TCAGTGTCAGTATCAGTCCAGGTG    JN791362                                  295                  58

###### Polymerase Chain Reaction Pro Gram for Detection of Gram Negative Bacteria Causing Urinary Tract Infections ^[a](#fn25930){ref-type="table-fn"}^

  Bacteria                       PCR program   
  ------------------------------ ------------- --
  ***E. coli***                  1 cycle       
  95°C                           360           
  31 cycle                                     
  95°C                           45            
  59°C                           60            
  72°C                           60            
  1 cycle                                      
  72°C                           300           
  ***Klebsiella penumonia***     1 cycle       
  94°C                           60            
  30 cycle                                     
  94°C                           60            
  63°C                           30            
  72°C                           90            
  1 cycle                                      
  72°C                           300           
  ***Proteus*** **spp**.         1 cycle       
  95°C                           60            
  31 cycle                                     
  95°C                           45            
  62°C                           30            
  72°C                           90            
  1 cycle                                      
  72°C                           300           
  ***Enterobacter*** **spp.**    1 cycle       
  95°C                           60            
  31 cycle                                     
  95°C                           45            
  62°C                           30            
  72°C                           90            
  1 cycle                                      
  72°C                           300           
  ***Citrobacter*** **spp.**     1 cycle       
  94°C                           60            
  30 cycle                                     
  94 °C                          60            
  63 °C                          30            
  72 °C                          90            
  1 cycle                                      
  72 °C                          300           
  ***Acinetobacter*** **spp.**   1 cycle       
  95°C                           120           
  30 cycle                                     
  95°C                           45            
  65°C                           30            
  73°C                           30            
  1 cycle                                      
  72°C                           600           
  ***Pseudomonasaeruginosa***    1 cycle       
  95°C                           360           
  31 cycle                                     
  95°C                           45            
  61°C                           60            
  72°C                           60            
  1 cycle                                      
  72°C                           300           
  ***Providencia*** **spp.**     1 cycle       
  95°C                           360           
  31 cycle                                     
  95°C                           45            
  63°C                           60            
  72°C                           60            
  1 cycle                                      
  72°C                           300           

^a^ Based on PCR pro Gram.

3.5. Ethical Issues {#sec104975}
-------------------

This study was approved by the Ethical Committee of the Islamic Azad University of Shahrekord, and Infertility and, Kashani and Hajar hospitals of Shahrekord, Iran, (registration number 1393/2021).

3.6. Statistical Analysis {#sec104976}
-------------------------

The data were analyzed using the SPSS software (Version 18.SPSS). Statistical analysis was performed using Chi-square and Fisher's exact tests to determine significant correlations between gender, sex, age, history of hospitalization, the use of catheter and the type of bacteria. Statistical significance was considered at a P \< 0.05.

4. Results {#sec104978}
==========

Identification of all UTIs causative microorganisms was performed by classic microbiological methods. Bacteria isolates were confirmed using PCR for all 147 urine specimens that originated from a sample of 70.06% females (103/147) and 29.23% males (44/147).

In this study, *E. coli* was identified as the most common causative agent of UTIs (51.70% of total isolates in both sexes), followed by K. *Pneumonia* (16.32%). Frequency of *Proteus* spp., *Acinetobacter* spp., *Entrobacter* spp., *Citrobacter* spp., *P. aeruginosa* and *Providencia*spp. was 10.88%, 6.12%, 5.44%, 4.08%, 3.40% and 2.04%, respectively. Frequency of UTIs isolated from urine samples in Shahrekord is shown in [Table 3](#tbl26927){ref-type="table"}.

###### Frequency of Bacteria Causing Urinary Tract Infections Isolated From Urine Samples in Shahrekord

  Bacteria                           Number of Isolates (%)
  ---------------------------------- ------------------------
  ***Escherichia*** ***coli***       76 (51.70)
  ***Klebsiella*** ***pneumonia***   24 (16.32)
  ***Proteus*** **spp**.             16 (10.88)
  ***Acinetobacter*** **spp**.       9 (6.12)
  ***Entrobacter*** **spp**.         8 (5.44)
  ***Citrobacter*** **spp**.         6 (4.08)
  ***Pseudomon asaeruginosa***       5 (3.4)
  ***Providencia*** **spp**.         3 (2.04)

In this study, *E. coli* was the most common bacteria in men (17%) and women (34.7%). The results are shown in [Table 4](#tbl26928){ref-type="table"}. Statistical analysis by Fisher's exact test showed that there was no significant relationship between gender and the type of bacteria (P \> 0.05).

###### Frequency of Bacteria Causing Urinary Tract Infections Isolated From Urine Samples of Males and Females ^[a](#fn25931){ref-type="table-fn"}^

  Bacteria                       Number of Males, %   Number of Females, %   UTI, %
  ------------------------------ -------------------- ---------------------- --------
  ***Escherichia coli***         25 (17)              51 (34.7)              51.70
  ***Klebsiella pneumonia***     7 (4.76)             17 (11.56)             16.32
  ***Proteus*** **spp**.         5 (3.40)             11 (7.48)              10.88
  ***Acinetobacter*** **spp**.   3 (2.04)             6 (4.08)               6.12
  ***Entrobacter*** **spp**.     2 (1.36)             6 (4.08)               5.44
  ***Citrobacter*** **spp**.     1 (0.68)             5 (3.4)                4.08
  ***Pseudomona saeruginosa***   1 (0.68)             4 (2.72)               3.40
  ***Providencia*** **spp**.     0 (0)                3 (2.04)               2.04

^a^ P Value = 0.763.

The patients of this study were divided to five age groups (1 - 19, 20 - 29, 30 - 39, 40 - 49 and \> 45). The highest rates of urinary tract infections were seen in 20 - 29 year olds. The results are shown in [Table 5](#tbl26929){ref-type="table"}. Statistical analysis using Chi square test showed that there was no significant relationship between age group and the type of bacteria (P \> 0.05).

###### Frequency of Gram Negative Bacteria in Patients Based on Age Groups ^[a](#fn25932){ref-type="table-fn"}^

  Age Groups, y   Number of Male,%   Number of Female,%
  --------------- ------------------ --------------------
  **1 - 19**      6 (13.63)          18 (17.4)
  **20 - 29**     8 (18.18)          33 (32.03)
  **30 - 39**     13 (29.54)         26 (25.24)
  **40 - 49**     14 (31.81)         16 (15.53)
  **\> 49**       3 (6.81)           10 (9.70)
  **Total**       44 (100)           103 (100)

^a^ P Value = 0.141.

From a total of 147 patients, 85 patients had a history of hospitalization. *Escherichia coli* was identified as the most common causative agent of UTIs (51.7%) in patients with and without a history of hospitalization, this was followed by *K*. *pneumonia* (16.3%), while the other bacteria such as *Proteus* spp, *Acinetobacter* spp., *Entrobacter* spp., *Citrobacter* spp., *P. aeruginosa* and *Providencia*spp. were the causative agent of 32% of UTIs. The results are shown in [Table 6](#tbl26930){ref-type="table"}. Statistical analysis using Chi square test showed that there was a significant relationship between the type of bacteria and the history of hospitalization (P \< 0.05).

###### Frequency of Gram Negative Bacteria in Patients With the History of Hospitalization ^[a](#fn25933){ref-type="table-fn"}^

  Bacteria                     History of Hospitalization (+)   \%     History of Hospitalization (-)   \%     UTI%
  ---------------------------- -------------------------------- ------ -------------------------------- ------ ------
  ***Escherichia coli***       51                               60     25                               40.3   51.7
  ***Klebsiella pneumonia***   14                               16.5   10                               16.1   16.3
  **Other**                    20                               23.5   27                               43.5   32

^a^ P Value = 0.028, Statistical significance was regarded at a P value \< 0.05.

In This study, from a total of 147 patients, 62 patients had used a catheter. In these patients, *E. coli* was identified as the most common causative agent of UTIs (37%). The results are shown in [Table 7](#tbl26931){ref-type="table"}. Statistical analysis using SPSS showed that there was no significant relationship between the type of bacteria and the use of catheter (P \> 0.05).

###### Frequency of Gram Negative Bacteria in Patients With a History of the Use of a Catheter

  Bacteria                     The Use of Catheter (+)   \%     The Use of Catheter (-)   \%     UTI%
  ---------------------------- ------------------------- ------ ------------------------- ------ ------
  ***Escherichia coli***       37                        59.7   39                        45.9   37
  ***Klebsiella pneumonia***   11                        17.7   13                        15.3   11
  **Other**                    14                        22.6   33                        38.8   14

5. Discussion {#sec104979}
=============

Infection of the urinary tract is one of the most common infectious diseases affecting all age groups including men, women and children worldwide ([@A24779R23]).

Urinary Tract Infection is one of the most common medical problems in females, who also made a large portion of patients in this study (70.06%). Previous research has shown that female patients have much higher predisposition to UTIs than males ([@A24779R27]). Statistical analysis using the SPSS software showed that there was no significant relationship between gender and the type of bacteria (P \> 0.05).

Several studies have demonstrated geographical variability of pathogen occurrence in the case of UTI among inpatient and outpatient populations ([@A24779R28]). A variety of enteropathogenic bacteria are known to cause UTIs worldwide. *Escherichia coli* is the predominant etiological agent in community practice. Other bacterial agents include species of *Klebsiella*, *Enterobacter*, *Proteus*, *Pseudomonas*, *Staphylococcus*, *Streptococcus* and *Enterococcus faecalis* ([@A24779R28]).

Results by Mirzaei et al. clearly showed that Gram-negative bacteria and family of Enterobacteriaceae are responsible for serious infections in humans ([@A24779R29]). In the study of Aminzadeh et al. (2013), 122 (41.8%) of the isolated clinical samples were Gram-negative Extended-Spectrum Beta-lactamase (ESBL)-producing bacteria , with most of them being *E. coli* (91.8%), followed by K. *pneumonia* (8.2%) ([@A24779R30]).

Isolation of *E. coli* as the predominant pathogen of community-associated UTI has been extensively reported in many studies ([@A24779R28]). However, the lower *E. coli* isolation (51.70 %) rate in our study remains unclear. However, similarly, a low rate of *E. coli* isolation has also been reported by other investigators from developed and developing countries. Nerurkar et al. (2012), reported that in Gram negative bacilli, the predominant isolate was the *E .coli* (44.96%), followed by other bacilli like *Enterobacter* (17.83%), *Klebsiella* spp. (14.72%) and Citrobacter (12.4%), amongst the major isolates. In this study, *Klebsiella* spp. was in second place ([@A24779R28]). Our studies, similar to several previous reports, indicated that *E. coli* is still the most common cause of UTI in Shahrekord city (51.70%). Piranfar et al. in their study reported that *E. coli* had the highest frequency among bacteria (64.56%) followed by *Klebsiella* (13.58%) ([@A24779R7]). In a study conducted by Khameneh and Afshar., ([@A24779R31]) from a total of 803 urine samples, the common microorganisms isolated were *E. coli* (78.58%) followed by *Klebsiella* (5.48%). The results of these two studies are similar to that of our research ([@A24779R32]). However, the prevalence of infection differs with age, sex and certain predisposing factors. The incidence of infection has been shown to be greater in females than in males with two exceptions, infections found in infants and catheter-related infections ([@A24779R33], [@A24779R34]).

In our study, women in the 20 - 29 age group were most likely to suffer from UTIs, whether this is associated with being more sexually active has not been determined. Women are especially prone to UTIs for anatomical reasons. One factor is that a woman's urethra is shorter, allowing bacteria quicker access to the bladder. Also, a woman's urethral opening is near sources of bacteria from the anus and vagina. For women, the lifetime risk of having a UTI is greater than 50%. Sexual intercourse increases the risk of symptomatic urinary tract infections (UTI) in young women ([Table 5](#tbl26929){ref-type="table"}).

In a study conducted by Mirzarazi et al. from a total of 702 urine samples (476 females and 226 males), 203 samples (28.92%) were positive for urine culture and had UTIs. The mean age was 37.07 ± 22.2 years (range from 1 month to 93 years). The sample of patients with UTIs consisted of 32.35% females (154 persons) and 21.68% males (49 persons). Also, Prevalence of *E. coli*, *Klebsiella*, *Proteus* and *Pseudomonas* were reported as 68%, 13%, 4% and 2% respectively ([@A24779R35]).

Among the elderly, after 40 years of age, males became more prone to UTIs. The number of male patients increased significantly in 40 - 49 year-old. It is probable that with aging, prostatic gland enlargement and the decrease of bacteriostatic prostatic secretions, the risk of urinary tract infection is increased. This is similar to a research conducted by Noor et al. ([@A24779R8]).

Statistical analysis using the SPSS software showed that there was no significant relationship between age group and the type of bacteria (P \> 0.05).

In a study conducted by Farajnia et al. it was indicated that *E. coli* was the predominant isolated pathogen from both sexes, yet the prevalence of UTI due to *K. pneumoniae* and *P. aeruginosa* was higher in men than in women ([@A24779R26]).

In our study, *K. pneumonia*was the second most common organism, followed by *Proteus* spp. *Entrobacter*, *Citrobacter*, *Providencia*and *Pseudomonas* spp. In a study conducted by Farajnia et al. *K. pneumonia* was the second most common cause of urinary tract infections ([@A24779R26]). In many studies, it has been shown that *Klebsiella* spp. has the second place in causing UTIs, yet Shanthi and Kayathri, reported that Citrobacter was the second most frequently isolated microorganism (14%) ([@A24779R34]), which is not in accordance with other studies. On the other hand, Kashef et al. reported that *Proteus* spp. was the second most common organism followed by *Klebsiella* spp. and *Pseudomonas* spp. ([@A24779R36]). The findings of this study matched the results of Getachew ([@A24779R27]). In this study, a wide spectrum of uropathogens were isolated, of which 55.1% were *E. coli*, 16.4% *Klebsiella* species, 2.2% *Citrobacter* species, 2% *Enterobacter* species, 1.7% *Pseudomonas* and 2.8% *Proteus* species, *Salmonella* species and *Acinetobacter* species ([@A24779R27]).

Other risk factors such as the use of a catheter and a history of hospitalization were included in the study. From a total of 147 patients, 85 patients had a history of hospitalization and 62 patients had used a catheter. *Escherichia coli* was identified as the most common causative agent of UTIs in patients with and without a history of hospitalization and patients who had used a catheter. Statistical analysis using the SPSS software showed that there was a significant relationship between the type of bacteria and a history of hospitalization (P \< 0.05), yet there was no significant relationship between the type of bacteria and the use of catheter (P \> 0.05). Regardless of age, sex and the use of catheter, a wide range of bacteria can be involved in creating urinary tract infections.

In conclusion, the PCR method provides a valuable tool for cheap and accurate diagnosis of Gram-negative bacteria in urinary tract infections, and can also be applicable for other infections.
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